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THE WEATHER AND CIRCULATION OF JUNE 1955°
ILLUSTRATING A CIRCUMPOLAR BLOCKING WAVE

HARRY F. HAWKINS, Jr.
Extended Forecast Section, U. S. Weather Bureau, Washington, D. C.

1. INTRODUCTION

During the first 6 months of 1955 the hemispheric
weather pattern was seldom entirely free of blocking
activity. This was particularly true of June, when the
blocking could easily be associated with the unusually
cool weather over the United States. This was a reversal
from the general temperature regime of May [1] and was
accompanied by one of the lowest zonal index values
{5-day mean) ever recorded.

It is the purpose of this article to examine in turn: the
outstanding monthly circulation characteristics including
the half-monthly features and changes, the United States
weather in light of the above, and a week-by-week evalu-
ation of a pronounced blocking surge as revealed by 5-day
mean maps and anomalies at 700 mb. This blocking
surge was somewhat unusual in that one could trace its
effects about the Pole for almost two complete revolutions.

2. MONTHLY AND HALF-MONTHLY
CIRCULATION FEATURES

Indications of blocking activity are quite evident on
the mean 700-mb. map for June, figure 1. In the Atlantic
the westerlies were well south of normal with weakly
above-normal heights over Iceland. These were con-
nected by way of Davis Strait to the maximum anomaly
of the month, a positive departure of 310 ft. over eastern
Hudson Bay. This appears to have been the mean locus
of blocking activity. In the middle-latitude trough along
the east coast of the United States heights were below
normal in the usual sense of high-low latitude compensa-
tion, Enhanced cyclonic activity, depression of wester-
lies, and colder-than-normal temperature regime south
and east of the blocking center were also typical of the
usually expected relationships.

Over North America the westerly flow was much weaker
than normal except at very low and high latitudes—a
feature closely associated with the split jet streams which
are common to some definitions of blocking. And, a
split jet was quite evident on the mean maps at higher
levels (Charts XIV and XV).

Circulation changes over the Pacific have been relatively

1 See Charts I-XV following p. 137 for analyzed climatological data for the month.

small the last few months. Heights have maintained
above normal in a nearly zonal band which has been about
parallel to and north of the subtropical ridge axis. In
conscquence, Pacific winds have been stronger than
normal at latitudes north of the axis of positive anomaly.
In June this northward displacement was most marked in
the eastern Pacific, while the intensification of 700-mb.
westerlies was about the same in eastern and western
sections (up to 7 m/sec. greater than normal).

The Aleutian Low was at about normal intensity, and
the western Pacific and eastern Asiatic troughs were near
their normal locations. At sea level (Chart XI) one also
could see the enhancement and northward shift of the
westerlies in the eastern Pacific.

Blocking traces were again evident in Asia where heights
were 240 ft. above normal and sea level pressures 4 mb.
above normal in the anticyclone northeast of the Caspian
Sea. Over Europe and the Norwegian Sea heights were
not far above normal but at sea level a ridge of high pres-
sure stretched from northern Greenland to the Mediter-
ranean.

The 15-day 700-mb. means for the first and last halves
of June afford further insight into the general trend of
events. During June 1-15, (fig. 2A) blocking was most
prevalent and intense from the Norwegian Sea westward
through central Canada (heights 4-360 ft.). The wester-
lies were far south of normal and a zonal band of below
normal heights reached from eastern Europe to the Cen-
tral Plains of the United States. This continued depres-
sion of the westerlies appeared to be an extension of the
trend begun during the latter half of May [1] when similar
but less marked characteristics were present. Such ten-
dencies are strongly opposed by the northward seasonal
trend of the westerlies.

Short wave spacing, truncated troughs, cut-off Lows,
and warm higher-latitude Highs characterized the area
from central Europe through North America. Asia and
the Pacific appeared less affected. Indeed the polar
westerlies were exceptionally strong over most of Asia—a
direct reversal from the latter half of May [1].

During the latter half of June (fiz. 2B) blocking relaxed
over the Atlantic and Europe. While blocking continued
over North America (heights 260 ft. above normal over
Hudson Bay) heights rose at lower latitudes and many of
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Ficure 1.—Mean 700-mb. contours and height departures from normal (both in tens of feet) for May 31-June 29, 1955.

the concomitants of strong blocks weakened or disap-
peared. However, quite strong blocking activity was
centered in eastern Asia where split jet, cut-off Low, and
warm High were present.

Thus, blocking dominated the European, Atlantic, and
North American sectors during the first half-month, never
entirely inverted the Pacific circulation, but strongly in-
fluenced Asia during the second half-month,

Effects of block-
ing are apparent in the depressed Atlantic westerlies, are most marked over North America (heights 310 ft. above normal over Hudson
Bay and 130 ft. below normal off Cape Hatteras), inconspicuous in the Pacifie, but again observable in the positive anomaly stretching
east-northeastward from the Caspian Sea.

3. UNITED STATES WEATHER AND ANOMALIES

The below normal temperatures of June were the most
noteworthy feature of the weather this month. Temper-
atures averaged 4° F. or more below normal in a wide belt
from North Carolina to the Central Plains (Chart [-B).
In parts of the northern border States from North Dakota
to New England temperatures were above normal, as they
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Ficure 2.—Mean 700-mb. contours and height departures from
normal (both in tens of feet). (A) June 1-15, 1955. Blocking
strongly affected the area from the Norwegian Sea through central
Canada. Twin cyelonie vortices at middle latitudes show the
westerly reaction to Atlantie blocking., Truncated troughs and
poorly defined flow pattern characterized western North America.
Cold air from Canada, and cyclonic activity kept the eastern
two-thirds of the United States unseasonably cool. (B) June
15-29, 1955. Blocking was still operative over North Awerica
but considerable recovery was evident over Atlantic sections as
the westerlies worked northward. Blocking was most strongly
marked over Asia where heights were 300 ft. above normal in
the anticyclone northeast of Lake Baikal.

were also in the upper Columbia and Snake River Valleys
and along the Rio Grande. All other areas recorded below
normal temperatures.

Extremely cool conditions were noted the first half-
month when the blocking was most intense over Canada,
and slow-moving cyclonic developments over the central
United States were followed by cool Canadian air. The
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Frsure 3.—TFive-day mean circumpolar zonal index anomalies
at 700 mb. by 60° longitude bands for indicated latitudes. (Note,
an anomaly of +500 ft. represents about 6.1 m/sec. anomalous
westerly flow for 40°-60° N., and 5.4 m/sec. for 50°-70° N.)
Mecan values are plotted at mid-date of period. Sloping lines
show progressive upstream diminution of westerlies, usually to
below normal values, and trace retrogression of blocking surge.
Dots show secondary abortive block of late June.

cloudiness attendant on the cyclones depressed maximum
temperatures and the Highs which swept down in their
rear kept temperatures below normal. In the Central
Plains temperatures averaged 10°-12° F. below normal
the week ending June 12. During the 5-day period June
8-12 the zonal westerlies (0°-180° W. and 35°-55° N.)
dropped to a value of 3.2 m/sec., the lowest zonal index of
record in June (last lower value of record: 3.1 m/sec. for
May 4-8, 1946). During the following week, extreme
conditions moderated somewhat hut temperatures still
averaged some 8°-9° F. below normal over the southern
Appalachians.

In contrast to the marked cold weather in the East,
June 1-15 provided about the first extensive warm spell
over the Far West since the beginning of the year. This
could be associated with the disappearance of the west
coast trough at middle latitudes as heights rose above
normal and general anticyclonic conditions prevailed aloft.
Also, the strongly divergent pattern over western North
America permitted only very limited advection of cool
maritime air from the Pacific, with the major migratory
systems affecting western Canada rather than the United
States. The highest temperature during this warm spell
was 100° F. recorded at Seattle on June 9—an all-time
June maximum for that station.
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Isopleths are for 200-ft. intervals with positive

anomalies greater than 200 ft. shaded. Note spread of positive anomalies from Asia westward until they appear to spiral in to the Pole.

Other early June weather items included a dust storm
with winds of 55 m. p. h. at San Angelo, Tex. on the 8th,
cloudbursts and flash floods in Nevada on the 13th, and
scattered tornado activity.

During the second half of June there were two features
of principal interest. One was the reactivation of the
west coast trough with stronger than normal maritime
flow affecting the West. This restored below normal
temperatures over the Far West where they have been
prevalent most of the year. The second was the per-
sistent, although weakened, block centered over Hudson
Bay which continued to effect below normal temperatures
from the Central Plains eastward through the Carolinas.
The departures were less than in early June but the general
pattern of anomaly (east of the Rockies) was strikingly
similar.

This persistent temperature pattern over the eastern
two-thirds of the United States was part of the strong
reversal in temperatures which took place between May
and June. In the West, the two contrasting half-months
produced a considerable net change from the May anom-

alies. As a consequence, this year has been unusual in
its departures from the recent course of month-to-month
persistence [2].

From April to May 1955 [1] persistence was exception-
ally marked (98 percent of stations in 041 class change),
whereas in recent years April-May comparisons have
shown a preponderance of temperature reversals. The
same records show on the average about 70 percent per-
sistence (041 class change) from May to June. This
year only 35 percent persistence—about one-half the
average—was noted. These deviations from the recent
monthly sequences are all the more interesting in light
of the extension of these data to some 60 years of record
by Enger [3]. His data show low April-May but quite
high May-June temperature persistence. In this light
also, 1955 has been quite anomalous.

The prevalence of blocking with its diversion of storms
to the south was conducive to fairly widespread precipita-
tion over the United States. In contrast to the early
summer droughts of recent years there was nearly ade-
quate precipitation during June over almost all of the
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FicurE 5.—Series of 700-mb. 5-day mean maps corresponding to dates of figure 4.
ing across the Atlantic in early June is easily discernible and its effects on lower latitudes may be regarded as almost classic.
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reaction to blocking was less marked (¢ and d) although Asiatic response was quite strong (e).

United States. Although reserves of ground moisture
were fairly low in some areas, crops were generally in
excellent condition and a near-record yield seemed likely.

Severe weather was reported in numerous localities
but most noteworthy was the 10 to 20 inches of rain which
fell over part of southeastern Wyoming. This occurred
in connection with a rash of tornadoes and hailstorms
which also affected Nebraska June 26-27. These brought
the threat of flooding to the placid North Platte River
for the first time in many years.

4. A CIRCUMPOLAR BLOCKING SURGE

The overall prominence of blocking activity this June
was sufficient to evoke general comment. As indicated
previously, it had no uncertain role in the cool June tem-
peratures over the United States and, judging from news-
paper accounts, it could be associated with drought and
forest fires in south central Canada.

The outstanding characteristics of blocking have been
long recognized, e. g., Garriott [4], Namias [5], and its
synoptic and climatological features delineated, e. g.,

Elliott and Smith [6], Rex [7], Sanders [8], and Sumner [9].
However, there has been only a slow growth in emphasis
upon the retrogressive phenomena commonly called block-
ing surges, blocking waves, blocking action, etc.

Most meteorologists who have studied hemispheric
weather changes for any considerable period of time have
agreed that following the initiation of a block one can
often, but not invariably, trace changes in the circulation
which occur progressively upstream. Garriott men-
tioned the slowing down of migratory systems over North
America following stagnation and anticyclogenesis in the
Atlantic and Europe. Willett found small but positive
one-week lag correlations (zonal index) between the At-
lantic and North America [10]; Namias [2] illustrated
this effect by showing the progressive upstream diminu-
tion in the 10,000-foot zonal index and the accompanying
accretion of mass of air above 10,000 feet for 2 cases in
early 1944, Berggren, Bolin, and Rossby {11] demon-
strated similar retrogressive phenomena on daily charts,
Early theoretical models by Rossby [12, 13] and Yeh [14]
were proposed to account for these phenomena.
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However, there is also rather general agreement among
synopticians that blocking effects are propagated up-
stream in various forms and at various speeds, i. e., the
whole warm High may retrograde—either bodily or “dis-
continuously”’, the next upstream trough may fill at
higher latitudes and deepen at lower latitudes, the next
upstream ridge may project meridionally into high Iati-
tudes and/or in turn become a warm blocking High, or it
may join at least partially the initial blocking High by
arching over the intervening trough, or heights may
simply rise (upstream) at higher latitudes and fall farther
south without singular 700-mb. circulations being set up.

Neither the exact timing nor type of reaction can as vet
be predetermined from the pre-state. In view of the
various modes of activity and variations in time and
latitude of reactions, it is not surprising that rigid statis-
tical testing has not revealed any unique sequence of
events [6, 7). This series of articles has, where appro-
priate, reviewed outstanding cases of blocking (15, 16]
and tried to emphasize their retrogressive character.
May-June of 1955 affords another such opportunity.

Figure 3 presents the evidence of blocking in terms of
5-day mean zonal index variations (about the local normal
at 700 mb.) similar to those of Namias [2]. These
sectional indices (60° longitude wide) encompass the
globe. The 20° latitude bands used (indicated on fig. 3)
have been chosen to maximize the blocking wave of June.

The block is shown initially affecting areas from 0°-110°
W.in mid-May, after which progressive diminution of the
sectional indices, usually to below normal (negative)
values, occurred. The “minimum’ 180°-130° E. around
May 21 was not well marked and could be better demon-
strated at lower latitudes, but only at the expense of the
June surge. The retrogression of blocking action slowed
down over Asiatic-European sectors during late May [1]
but travelled rapidly across the Atlantic-North American
sectors in early June. Some retardation was also evident
in late June, again over the Asiatic-EKuropean sectors.
In all but one section (eastern Pacific) the line denoting
the second passage of the blocking surge passes through
the minimum of the index wvalues for the month. A
minor secondary surge which affected the Atlantic-North
American sectors in late June has been denoted by dots.
One may observe that westerlies (40°-60° N.) were
seldom above normal for the entire period between 60° W.
and 110° W. In contrast the westerlies in the sector
immediately upstream (120° W.-170° W.) were never
below normal due to the persistent strength and orienta-
tion of the eastern Pacific High.

Although the index graphs of figure 3 are completely
objective once the areas are chosen, they suffer the
obvious deficiency of portraying the phenomenon in a
severely constrained and segmented fashion. A more
comprehensive picture of developments may be gained
by studying the fields of mean height departure from

normal, mean height change, 700-mb. temperature
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anomaly, or the 700-mb. circulation pattern itself. Two
of these aspects have been included in this report: the
5-day mean height departures from normal and the 700- -
mb. mean circulation patterns. Because of space limi-
tations only the last complete revolution of the blocking
is shown.

Figure 4a, May 25-29, shows tremendous positive
height anomaly over Asia, with heights already above
normal from Greenland to Scandinavia as blocking began
to affect that area. Omne week later (fig. 4b), above nor-
mal heights reached from Secandinavia to Hudson Bay
with heights strongly below normal in the central Atlantic.
During June 8-12 the block centered over North America

with two intense lower-latitude cyclonic vortices. This
was an almost classical blocking retrogression. (See

following article by Robinson and Joseph where the effect
of blocking on the motion of two Lows is discussed.)
Blocking had also begun to affect the Pacific as the Gulf
of Alaska Low filled and ridging extended northwestward
through the Bering Sea. By June 15-19 blocking had
relaxed over North America and the eastern Pacific. It
now appeared from the central Pacific through Asia to
the center northeast of the Caspian Sea. During June
22-26 the block failed to affcet significantly the European
circulation while heights were still some 510 ft. above
normal in northern Siberia. In the period Junc 29-July 3
the block appeared to spiral in toward the Pole and further
continuity of this type became difficult if not impossible.

Figures 5a—f show the corresponding 700-mb. circula-
tion patterns. Figure 5a shows the Highs over central
Asia and between Iceland and Norway. In 5b the western
High has become dominant with a deep Low to its south-
west and a weak Low to the southeast. The ridge over
the United States was building and during the following
half-week, June 4-8 (not shown) it connected across the
Davis Strait with the retrogressive blocking center. In
figure 5¢ the block was central over North America with
closed vortices at lower latitudes; note however, ridging
was already occurring in the Bering Sea. June 15-19
(fig. 5d), shows the block in the Pacific but only a rather
weak anticyclonic arch from Alaska through northern
Siberia.  June 22-26 (fig. 5e) saw the remainder of the
block over northern Asia, the secondary blocking surge
centered over North America, and strong westerlies from
the western Atlantic to western Russia. The last map
(fig. 5f) shows a rather unusual arrangement of three
anticyclones at high latitudes as the blocking seemed to
be shunted northward while a fairly well-organized
westerly regime operated to the south.

The recent prevalence of blocking and its intimate con-
nection with higher-latitude pressure rises versus lower-
latitude falls cannot but recall the somewhat similar
responses assoclated with increasing solar activity by
many researchers in this field. It may be pertinent to
point out that this was a period of increasing sunspotted-
ness. Mean Ziirich spot numbers (provisional) for Janu-
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ary through June 1955 read: 20.0, 20.8, 4.7, 11.3, 29.6,
and 33.1. May and June were months of modecrate
spottedness following a pronounced minimum (the 11-year
minimum oceurred in 1954). The blocking activity in
December 1943 through March 1944 illustrated by Namias
took place at just about the minimum in the 11-vear spot
cvele, but slightly on the descending (long range) side.
There has been no direct evidence produced here of any
connection between sunspots and blocking, but the
general similarity of their effects suggests a relationship
which may have to be examined further if the theorctical
models prove unable to satisfactorily anticipate blocking
phenomena. The only evidence bearing on this subject
which has vet come to light is presented in a recent article
by Bolin [17} which seems to indicate that even a simple
72-hour barotropic forecast can catch the development of
a warm higher-latitude High from an initial state charac-
terized by well-marked wave amplitudes. Whether the
initial buckling from a flat westerly flow can be equally
well forecast Is a question which has not yet been answered.
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Chart I.

105 0

A. Average Temperature (°F.) at Surface, June 1955.
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Chart III. A. Departure of Precipitation from Normal (Inches), June 1955.
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Normal monthly precipitation amounts are computed for stations having at least 10 years of record.
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Chart VI. A. Percentage of Sky Cover Between Sunrise and Sunset, June 1955.
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Chart VII. A. Percentage of Possible Sunshine, June 1955.
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